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Danish agriculture has changed in the post-war period from being a labour-intensive sector to 
being a high-technology one. The high technology includes both machinery and chemistry in 
the form of, for example, pesticides. This change has caused a rise in productivity 
considerably greater than that seen in urban industries. But in the last couple of decades a 
growing number of people have come to see pesticides as a problem both for consumers and 
for the environment. This is the reason why a profound investigation of the effects of a change 
to completely or partially pesticide-free production was carried out in 1998-1999. 
The investigation was initiated by the Danish parliament, and was highly interdisciplinary. 
Four groups of experts (agronomists, economists, biologists and jurists) and a considerable 
number of scientists carried out the work. This paper provides a summary of the economic 
methods used and the results obtained.
1 
Costs in relation to production were calculated in a three-stage procedure. In the first stage, 
agronomists summarized the experimental results for crops of different sorts; they tried to 
quantify the fall in productivity related to a ban on pesticides for all important types of crops. 
The second step comprised the calculations at farm level, carried out by the microeconomists 
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in close cooperation with the agronomists. These calculations were made on the basis that any 
differences in changes in productivity for various crops which were brought about by a 
pesticide ban would bring about a change in the distribution and rotation of crops. For some 
crops pesticides are relatively unimportant, while for others they are almost essential, and if 
pesticides were forbidden then a substitution between the various types of crop would take 
place. The new optimal allocations between the various crops were found by using a linear 
programming model with restrictions laid down by the agronomists. 
The third step was a calculation of the macroeconomic effects for the agricultural sector in 
Denmark and for the Danish economy. For these calculations, an applied general equilibrium 
model of the Danish economy was used. 
The benefits of a pesticide ban are mainly to be expected in the health of the population and in  
biodiversity. However, the results from the biologists were not so precise that a calculation of 
the value of the benefits was possible. Only the effects related to drinking water have been 
quantified. Consequently, the arguments for a ban must be found in the precautionary 
principle, and the implementation of this principle is a debatable area. 
Section 2 of the paper describes the Danish agricultural sector; section 3 discusses the 
agronomical foundation of the economic models; section 4 presents the results on farm level; 




In the past, agriculture was very important in Denmark, but now only about 4 per cent of the 
labour force work in the sector. About 4 per cent of the gross national product is produced in 
the sector, but nevertheless it is still responsible for about 25 per cent of Danish exports. 
The sector has changed rapidly in the decades since the Second World War. The number of 
farms has fallen from 208,100 in 1946 to 57,644 in 1998, which means that the average farm 
has grown from 15.3 ha to 45.8 ha. This calculation, however, includes a considerable number 
of small-scale part-time farmers. The farms operated on a full-time work basis are on average 
78,4 ha in size. Not only has the number of farms decreased rapidly, but the remaining farms 
have become highly specialized. In 1968, 74.5% of all farms had both cows and pigs. Today 
this figure have fallen to 12%. 
62.5% of the land area of Denmark is cultivated farmland. The types of crops grown in 
Denmark are shown in table 1. The main crops are wheat, barley and grass, but some of the 
products grown in smaller quantities (potatoes, sugar-beet and seed) are very profitable. 
The labour force employed in the agricultural sector has fallen in size from more than 500,000 
persons in 1945 to about 80,000 in 1995. 
                                                                                                                                                                                     
Alex Dubgaard on evaluation of the benefits.   3. 
 
Table 1:  Areas under cultivation with various types of crops, ’000 ha, 1998 
 
Wheat  673 
Rye  103 
Winter barley  162 
Spring barley  498 
Mixed grain  58 
Rape seed  116 
Pulses  106 
Roughage (mainly grass)  608 
Potatoes  36 
Sugar-beet  66 
Seed for sowing  85 
Horticultural products  21 
Set-aside  141 
Total cultivated area  2672 
Total area  4306 
  Source: Agriculture in Denmark (1999) 
Agricultural development, especially during the period 1960-1985, resulted in a considerable 
growth in the use of fertilizers and pesticides. Fig. 1. shows the increase in the use of 
pesticides. 
The difference in the two curves is caused by a change to new, more concentrated pesticides.  
The use of pesticides in Denmark is moderate compared to that in other countries (see fig. 2), 
but such international comparisons are questionable, because the figures are highly dependent 
on the type of crops grown. For example, agriculture in Belgium and the Netherlands is 
characterised by a large market garden sector. 
 
Fig. 1.:  Use of pesticides in Danish Agriculture 
    Source: Economic Council (1993), p. 85   4. 
 
 
Fig. 2.:  Use of pesticides, kg/ha, 1996 
  Source: Bichel committee (1999), p. 32 
 
The change from small family farms to bigger, more capital-intensive farms, and the increased 
use of fertilizer and pesticides, have had positive effects on productivity. Work force 
productivity has grown considerably faster in agriculture than in the urban sector since 1945 
(see fig. 3). 
 










  Source: 
Economic Council (1993), p. 82 
 
 
Fig. 4.:  The structure of the investigation 



































Since the 1980s, the environmental effects of the use of fertilizer and pesticides have been 
given further attention in Danish debate. A number of political initiatives have been taken, but 
with mixed results. This was the reason that the Danish parliament decided in 1998 to start a 
thorough investigation of the effects of a change to completely or partially pesticide-free 
production. 
 
3.  The structure and basis of the investigation 
The analysis of costs was divided into three steps (see fig. 4). The first step was based on 
agronomic experiments. By means of field experiments, agronomists  were able to determine 
how much the yield would fall if pesticides were phased out. Such experiments show the 
effects for individual crops; the reductions in yield are shown in table 2.  
 
Table 2:  Loss in yield from eliminating use of pesticides, per cent 
 
Seed for sowing  50 
Potatoes  42 
Wheat  28 
Winter barley  22 
Peas  21 
Spring barley  18 
Sugar beets  14 
Rye  12 
Winter rape seed  7 
Grass  3 
  Sources: Bichel committee, (1999), p. 68 
 
These results were used in economic models  in the next two steps. From many points of view, 
it would of course be logical to use one big economic model. But if both detailed results for   6. 
 
different types of farms and macroeconomic results are required, then such a model would be 
huge and unmanageable. Consequently, the economic analysis was divided into two steps: a 
farm economy step in which the macro variables, e.g. prices, were assumed to be given, and a 
macroeconomic step in which the effects on prices etc. were included but detailed information 
on the farm level was left out. 
 
4.  The Farm model 
The farm economic calculations were based on farm account data from 2,000 farms, divided 
into 10 representative types of farms classified in relation to type of soil and production. The 
model used for each type was a linear programming model, where the area was distributed 
among the different crops in a way which optimized the contribution margin CM: 
where: 
  i = type of crop 
 p i = the exogenous price 
 x i = the yield per ha 
 A i = the number of ha 
 vci = variable costs 
 
This optimization had to respect some restrictions, namely: 
where d
p  is a dummy for use or non-use of pesticides, x
-1 indicates the crops grown on the 
area the previous year, and s is the type of soil (clayey or sandy). 
The model was calibrated to describe current figures; after the calibration of the parameters, 
the effects of phasing-out pesticides were introduced using the losses in yield/ha given in table 
2. Optimization would require substitution of pesticide-dependent crops by more robust crops, 
but the restrictions given in (3) stabilize the substitution process; not all types of soil are 
suitable for robust crops, and furthermore a rotation of crops is needed. 
The reductions in contribution margins for the different types of farms which would be a 
consequence of the phasing-out are pesticides are shown in table 3. It can be seen there that 
potato- and beet-growing farms would be particularly badly affected. 
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  Crop farming  -33% 
  Pig farming  -34% 
  Beet growing  -39% 
  Seed growing  -34% 




  Crop farming  -26% 
  Pig farming  -28% 
  Potato growing  -51% 
  Cattle farming, 
outdoor 
-24% 
  Cattle farming, 
indoor 
21% 
  Source: Ørum (1999), p. 29, Bichel-committe (1999) p. 83, Bichel-committe (1999a), p. 67 
 
The calculations were carried out not only for a complete ban on pesticides, but also for 
varying degrees of partial ban. The degree of reduction was measured by potential treatment 
frequency (how many times the soil could be treated using the standard dosage with the 
quantity of pesticides sold; in other words, pesticides measured in a sort of efficiency units). 
Fig. 5 shows the contribution margins and the potential treatment frequencies for the current 
level of pesticide use, for a full ban, and for two scenarios in between. 
It can be seen that it would be very expensive to reduce the use of pesticides to zero, but a 
considerable reduction could be carried out without loss or with very small losses. 
 
5.  Macro economic effects 
The macroeconomic effects of a ban were calculated using the applied general equilibrium 
model AAGE (Agricultural Applied General Equilibrium). This is a model of the total Danish 
economy in which the agricultural and the agro-industrial sectors are specified in detail. The 
model is  inspired by the Australian ORANI models. The agents in the model are typical 
neoclassical constructions: Producers maximize their profit given the technology available, 
and the consumers maximize utility given their total available expenditure level. There is 
perfect competition in all markets, and domestic and foreign goods are treated as imperfect 
substitutes. It is assumed that labour and capital are perfectly mobile between industrial   8. 
 
sectors and between agricultural sectors, while labour movement between agricultural and 
industrial sectors is sluggish. The model includes 33 sectors, of which 11 are agricultural or 
agro-industrial. The core of the model is nested CES production and utility functions. The 
model is described in Frandsen et al (1994), Kærgård et al (1997) and Kærgård (2000). 
 
Fig. 5.:  Contribution margins and use of pesticides, clayey soil farms 
 
  Source: Ørum (1999), p. 2 and Bichel-committee (1999a), p.79 
 
It is assumed that the Danish economy both before and after a pesticide ban is an open 
economy and that the ban is an isolated Danish phenomenon. Substitution exists between 
“normally” produced international crops and pesticide-free Danish crops. The elasticity in the 
substitution between Danish and foreign products is given by the model’s standard Armington 
elasticities, which are unchanged by the pesticide ban. This assumption could be discussed; for 
some products a better position on the market could be expected after a pesticide ban (parallel 
to organic products), while for other products there could be problems with quality and 
cleanness. 
It is not unproblematic to use such a model for analysing a full ban on pesticides. In a 
neoclassical production structure, the isocost curve typical approximates the axes without 
reaching them. This means that it is impossible, or at least very expensive, to do without a 
factor completely. This is not a conclusion but an assumption. When the aim is to analyse the 
effect of setting one factor at zero, this is not an attractive method. Instead, then, the 
agricultural sectors were divided into two in the study, one using “normal” technology and one 
using a pesticide-free technology. The productivity of the pesticide-free sectors was less than 
that of the “normal” sectors. The figures for the reduction in productivity were taken from the 
farm model. The substitution between the “normal” and the pesticide-free sectors was 
controlled, and in the fully pesticide-free scenario there was no production in the “normal” 
sectors; the methods are described in details in Frandsen & Jacobsen (1999).   9. 
 
Fully pesticide-free production would result in considerable changes in many sectors (see table 
4). For cereals and rape the effects on prices would be quite small, but there would be drastic 
effects on the production levels, because of the almost perfect competition between Danish 
and foreign rape and cereals. For potatoes and sugar beet there is less substitution and higher 
transport costs, and consequently room for larger changes in the prices. There would be almost 
no effects on the cattle sector, and pork and poultry products would be positively affected – 
they could still get cheap imported feed, and wages would fall. 
 
Table 4:  Changes in agricultural prices and production with a pesticide ban, per 
cent 
 
  Prices  Production 
Cereals  2  -70 
Rape  4  -97 
Potatoes  22  -69 
Sugar beet  30  -63 
Milk  0  0 
Beef  0  0 
Pork  3  -1 
Poultry  1  -1 
  Source: Jacobsen & Frandsen (1999), p. 30 and Bichel-committe (1999), p. 85 
 
The general macroeconomic effects are shown in table 5. The gross domestic product would 
fall by 0.8 per cent and consumption by 1.7 per cent. Both exports and imports would grow. 
Agricultural exports would fall, and consequently industrial exports would have to grow if the 
trade balance should continue to be in equilibrium; and because industrial exports would need 
further imported raw materials, both exports and imports would grow. The effects of the less 
productive agricultural sector would have to be compensated by a decrease in wage costs if 
Danish exports should continue to be competitive.  Finally, the price of land would fall 
considerably. 
As with the farm economy effects, the macroeconomic effects of a partial pesticide ban would 
be considerably less than those of a complete ban. 
The calculations are of course based on a number of questionable assumptions, and there are 
many uncertainties. Nevertheless, the conclusion that a full ban on pesticides could cause 
considerable losses for some of the agricultural sectors and for the Danish economy as a whole 
seems unquestionable. 
 
Table 5:  Macroeconomic effects of a pesticide ban 
Gross domestic product  -7.3 billion kr.  -0.8 per cent 
Real consumption  -7.6 billion kr.  -1.7 per cent   10. 
 
Real exports  6.4 billion kr.  2.0 per cent 
Real imports  3.8 billion kr.  1.4 per cent 
Consumer prices  -1.2 per cent 
Nominal prices  -2.2 per cent 
Land prices  -14.6 per cent 
  Source: Jacobsen & Frandsen (1999), p.43 and Bichel-committe (1999), p.90 
 
 
6.  The benefits of a pesticide ban 
The foundation of the cost calculations were very exact field experiments carried out by the 
agronomists. The foundation of the benefits side was considerable more complicated and 
inexact. The effects on public health and biodiversity of pesticides were not quantified by the 
physicians and biologists working on the project, and in both Denmark and other countries the 
Contingent Valuation Method has only been used for parts of or for local areas of the natural 
environment. The most promising example of such calculations internationally is perhaps 
Oskam & Slangen (1997) from Holland, but it is very debatable whether such results can be 
transferred from one country to another or from a local area to a whole country. 
The only benefit quantified in our investigation is then an evaluation of the benefits for 
drinking water. It is calculated from the cost side, on the basis of the precautions which would 
be unnecessary if pesticides were banned. 
Danish drinking water is natural, unfiltered subsoil water. Some pesticides are already found 
in the subsoil water in some districts, and a subsequent need for changes in the water supply 
system is forecast. Some of these changes could be avoided if pesticides were banned. In 
cooperation with experts in water supply, the avoidable costs were calculated to be between 
0.14 and 0.18 billion kroner. If filtering of the water is acceptable, the benefits would be a 
little less. In comparison with the costs shown in table 5, this documented amount of benefit is 
very small. 
The arguments for a ban cannot be found in quantified investigations; they must be found in 
unquantified risks and uncertainties. The physicians and biologists stressed these unquantified 
risks; the precautionary principle is thus the key argument for restrictions (see O’Riordan & 
Cameron (1994) for a survey of the literature about this principle). 
However, the precautionary principle is not in itself a sufficient argument for drastic 
restrictions if no probable large amounts of damage can be documented in connection with 
continued pesticide use, and if similarly no damage can be documented which could be 
avoided by restrictions. Furthermore, even if pesticides were banned in Denmark, some of the 
negative effects of pesticide use on public health could not be avoided if the ban was 
introduced unilaterally; Denmark has an open economy, and a considerable proportion of 
Danish consumers’ intake of pesticides comes through imported food, as shown in table 6. The 
table shows that 54 per cent of the intake is through imported fruit and vegetables. It is   11. 
 
remarkable, too, that the drinking water, which has played a major role in the public debate in 
Denmark, is totally insignificant for pesticide intake. 
Even if there are risks and even if the precautionary principle is used, it is difficult to find 
strong arguments for very drastic domestic restrictions on pesticides. A rational decision needs 
to be “proportional”. The proportionality principle indicates that it will be irrational to seek 
full safety in one area if other even greater risks still exist.   12. 
 
Table 6:  Danish consumers’ intake of pesticides, distribution of sources, per cent. 
  




Fruit and vegetables  30  54 
Cereal products  11  2 
Animal products  <1  <1 
Fish products  <1  <1 
Drinking water  <1  <1 
Total  42  58 





A full investigation of the use of pesticides in Danish agriculture seems to indicate that a ban 
on the use of pesticides would be very costly, but that a considerable reduction in the use of 
pesticides is possible with only very small costs. 
The damage resulting from pesticide use is not so great and obvious for either public health or 
biodiversity that a costly ban seems rational. The precautionary principle and the small costs 
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